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ani G. r. iielisdy ind Maw daeats 13, 
| $1 -eteeh es , 21, Us Rassias) 
At 3650 m altitede, the asthorn had observed (Phys. Rev. 
71, SASH), Doklady Akad Mack $.9.4.8, 87, (5 and 235 
; em) very axtecsive atowers fey to 1900 m diameter) whose - 
' ateveture ippesred to differ tram that of the grdinary atmos - 
". pherig ahoinere; tactend ef com central deans (renk, thay re- 
vealed (he premence of several ‘rch Ureaks, Stace Coccont 
(Whys, Rey, 18, 280(164G) contested that view, a eructal ex- 
| (perimental sateg ta peogaged hare, To the two couster groups, 
- separated by 9 distance of 1000 ca, ced In the previous work, 
athied grog, slsced in the middle, {s sow added and |i used 
to record anticotoctdences with the | cater groupe working is 
calnedenci..ts the case of an ordicary ‘extenatve-shower 
. ttructure, the probabllity of such xaticolacidences, an d¢- 
y duced (ror the cascade theary, is practically equal to vera. 
The experimental work based “neatedy Alod'h of this meth- 
Be lorh cont diac ickiaty Atos. Kawi 65.5.0 , 
74, 2641950)). 
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PA 174012 


aS "Observations of ‘Atmospheric Showers of Cosmic Rays — 
Greater Than 1,000-Meter Width," GT, Zatsepin, 
Phys Inst inent Tebedev, Acad Sci USSR 


"Dok Ak Nauk SSSR" Vol IXXIV, No 1, pp 29-32 


Discusses data on superwide atmospheric showers ob« 
tained in sumer 1949 at 3,860 m (see D. V, Skobel'. | 
tsyn and Zatsepin, "Dok Ak Nauk'SSSR" Vol LXXIII, 
... No 61950, for description of instruments ). Submit. 
- ted 29 Jun 50 by Acad D. V. Skobel'tsyn, 
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Again on the existence of varitrons (coneorning A. I. Alikhanyan's reply to our 
article on varitrons).. Zhur, eksp. 1 teor. fiz, 22.no. 4, 1952. - 
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ZATSEPIN, Ge on Geneon: 


oo AN - article. entitled. "Chastitey. iz. kosmosat _(Particles from the. eda). deals _ 

. with cosmic rays and ig illustrated with 2 photes and a schematic drawing. By 
N. G, Birger and L. Kh. Eydus, Bachelors of physico-mathematical sciences, The 
following Soviet scientists are mentioned: A. I, Alikhanov, Ae I. atikhanyen, 
De Ve. piobed 878s N. A. Dobrotin and G. T. Zatsepin. 


| 80: Noukaizhizn, #8, MOEsoy, Argust 1953 (as7626) 
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DOBROTIN, NeAe; ZATSEPIN, @,%.; HIKOL'SKIY, 5.1.; SARYCHEVA, 1.1.5 ioe oa 


ie igh~and superhigh-energy particles 
Inveatigatien ef the interaction ef h 666-676 
eee and atentc nuclei, Iev.All SSSR Ser .fi.19 Baar eae 


: 1.Fisichoskiy Anstitut iment P,N.Lebedeva Akademii nauk SSSR i Hoskevakily 
gosudarstvennyy uaiversitet iment M.V.Lemoneseva. 
(Cosmic rays) (Haclear physics) 
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AUTHOR t ANTONOV, YUoNe, TAVILOV, YU «Noy ATSEPIN, GoToy ; 

cae ak HUTUZOV, Ache, SEXVORTSOV, YU eVos KERISTIANSEN,G.B. 

: MITLE: structure of the Periphery of Extensive Atmospheric Cosmic Ray 
(ae ™ Showers. (Strukture periferii ghirokikh atmosfernykh livney kosmi- 


oe . . gheskikh luchey, Russian). ne 
" PERIODICAL: Zhurnal Eksperim. 4 Teoret. Faziki, 1957, Vol 32, Nr 2, PP 227-240, 
8 Russian) ee pe he 1. 
Received: 5 / 1957 | Reviewed: 6 / 1957 
ABSTRACT: —° The present paper investigates the spatial distribution of the 
aifferent components of a broad atmospherio cosmic ray shower at 
its axis (200 - 800 mn). For a detailed atudy 


-eat distances from 
biem the Pamir-Expedition of the Acadeny of Science of 
1951) used a new method: 


PA - 2665 


In diffe | 
all charged particles (and separate 
articles) was gimultanously determ 


Uuethod of correlated hodosoopes)« 


Summary of results: The shower domain investiga 
of an eleotron-photon component andef a penetrat 
(apparently myons) With inoreasing distance 
the relative share of the penetrating oomponen 
ably and at @ distance r= 800 m the flux density of penetrating 


‘particles and of electrons is equal. the spatial. dintribution of the 
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BEBE 5 eee: 


i gtruoture ef the Periphery of Extensive Atmo-~ | PA - 2665 i. 
a spheric Cosmic Ray Showers. oe : 
; f total flux density of electrons and of penetrating particles is i. 


determined by the. formilek (rT ~ t/r® with n ~2,06- On account of 

the relatively slow decrease of flux densities of shower particles 

. the periphery of the shower plays 62 essential part in the 
- general balance of the flux of the shower particles. The mechanism 
of the transition of electrons to the periphery ef the shower is 
reduced to the Coulomb soattering ef these electrone by the 
nuclei of air atoms. Tho transition ef Myons to the periphery of the 
shower is effeated by their Coulomb scattering and also apparently 
at the expense of the emission angle in the elementary acts of the 
nucleus cascade process of the positive and negative myons pro- 
dusing these myons. Finally, data on the intensity of primary eg 
cosmio particles with extremely high energies of 10'° up to 10 ov 
are given, (10 illustrations) g 
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! oa pa - 2687 
ma by whe Heights of the Broad ‘Atmospheric Showers ac- 
Models of the Elenentary Aor of Huslear Collisione 
raykh Livaey soglasRno raslychnyn nodelyan elenen~ 


4 Teorete Fiziki, 1957s Vol 32, 2, PP 3650366 


Received 6/1957 

The developnent of the nuclear and the eleotron-photor sonponents of the 

proad atmospheric ghowers 18 the atnosphere Are egmputs for three dife 
Lo 1 


Lot® eV by means of the 
also nade. In the second vae 
riety assumes 4 pueleon of any ene gy (also for Ey 5.107* év) to Lose OF 
ty 30°/0 of ‘4ye energy OY the production of nesgag at 2 
cotain the renai.nLng 70°/o> Furthernore, omy 7 = 
duced om the occasion of sollisions. Developm 
ar particles yas computed for both varieties bY neant o 
ive deviations vader gonsideration of the decay © 
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The Courses Taken by the Heights of the Broad Atmospheric PA ~ 2687 
Showers According to Different Models of the Elementary Act of Nuclear 
Collision. | ; 


Tae electron-photon avalanches resulting fron neutral pions were sun< 
narized graphically. The results of conputations according to both yarion 
ties are shown together jm a table. The experimental data determined fron - 
the height dependence of the nunber of showerd originating fron protons 
with fron E~1lot* to 10% eV., aeres pest with the assumption that on the 
occasion of nuclear collisions, the nucleon loses only 309/o of ta ensl~ 
gy. The results obtained here are an 4nportant ar gunent for, the fact that 
the nucleon at E) B.1o*® eV (at least uP to E~lo** or 407? eV) lose at 
the utmost 1/3 of ite energy on the oseasion of collieions with the nue- 
lei of air atoms. In the ease of extrenely high energies (E Lot Say), how- 
ever, & eonsiderable decrease of nucleon energy om the occasion of muc- 
Lear collisions must be assuned. 

(1 table ) = 
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ITLE: | The study of High-Energy Nuciear~Active Particles by Means 


of an Ionization Chamber (Nablyudeniye yaderno-aktivnykh ) 


chastits vy sokoy energii pri pomoshchi Joni zatsionnykh kamer 


. PERIODICAL: | ‘ghurnal gesperimentel uoy 4 Teoraticheskoy Fiziki, 1958, 
“Yol 34, Nr 2, PP 298-300 (3SSR) 


ABSTRACT: In autumn 1955 -the authors investigated at an altitude of 

see? 3860 m.above Soe level nuclear-active particles of high 
energy (E> 4011 eV). The apparatus used for these me- 

of 6 gmpulse-ionization chambers which 

were mounted below & lead layer of variable thickness + The 

jonization chambers consisted of brass cylinders. 


impulse 2n each of the 6 chambers: fg 


“Beside the fonization chambers there wos @ 8Y 
hodoscopic counters with a total surface of ~ 1 
__ ‘The distribution of frequencies. of the jonization pursts 4s 
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The Study of High-Energy Huclear-Active Particles by Means 56-2-4/51 
of an Ionization Chamber — ace -e ms 
a function of their intensity (below different filters) it 
shown in a diagram. The integral spectra of the bursts with 
N > 2000 rolativistic particles can be expressed by an 
exponential law: 


v (swe af 


Here the exponent 7 is the sane with all three spectra 
(20, 50 and 80 om thick lead layers); it is on the average 


Fa 15-4 0y16. The sbsolute frequene TY of the ionization 
frets belon 20 om-snd 50.om of lead coincide within the 


range of error, limits. The range for the absorption of the 
nuclear active component jn air.is 3420 geom72. This value. © 
4g obtained in different ways. In the analysis of. the 
correlation of Jonization burats with atmospheric showere 

the cases observed were divided into two groups: 
4.- Ionization bursts which are accompanied by an atmospheric 
shower of small density. ¢~ Ionization bursts which are 
accompanied by 4 proad atmospheric shower of more than 102 
particles. The result of this analysis 4g shown in @ 
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: . The study of sd usuneres Huclear-Active particles by Keans of an 56-2-4/51 
fe Tonization Chamber 
“" geveral i aevearcestive 


detector. 
There are 3 figures, 4, table, and 


Slavic. 


particles on the surface of the 


4 reference, 4 of which are 


N . Lebedev AS USER 


Physics imeni P. 
H. Lebedeva Akademi d nauk 


“ASSOCLATION: ee gegeeee 
a tut im- P- 


(Fizicheskiy insti 
35R) 
SUBMITTED: July 20, 1957 
Library of Gongress 
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Study end teaching 


AVAILABLE: 
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Characteristics 
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; AUTHORS: Gugeva, Ve Vey zatsepin, Gs Tes 
: ee _Khristiensets qb ; mG 
on the Angular Distributions of Broad Atmospheric Showers 

of High Energy (0b uglovom rasprodelenii ahirokikh atmosfernyen 


QITLE: 

livney vysokikh energiy 

PERLODICAL: —ghurnal ekerperimental' noy 1 teoreticheskoy fiziki, 1958, 
se Vol 35, Hr 4, PP 833-837 (USSR) 


- ABSTRACT: "pe present paper deals with experimental investigations of the 
angular distribution carried out for the purpose of determining 
the absorption coefficients of high-energy showers (primery 

particle eneréy 3e101TeV)« The experiments were carried ovt in 


an altitude of 3860 m above sea-level. The authors used a 
ination depth 6 om) which hed 


cylindrical cloud chamber (i411um 

an effective surface of 615 emz. The cloud chamber was 
synchronously connected with a system consisting of many : 
counters (hodoscope arrangement); the photographic equipment - “3 
was arranged 80 that the optical axis of the stereoscopic camera ie 
formed an ang jeal. The counters were .& 


os sabe a angle of 30° with the vert 
card 1/3 arranged in 5 groups 6° that there was & horizontal distance ot 
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Showers of High Energy 


500 m between each of the f 
‘were 300 m above and under 


irst three, whilst the .4. and 5. 

: the central group respectively. 

 § m above the central group the Wilson chamber was located. 

The results obtained by the investigation are shown partly by 

’ table 3 and figure 4, A total of 15 showers wao investigates. 

- Results show that, contrary to the usual opinion, such showers 
have already passed the maximum of their development in 

- altitudes of several 1000 m above sea-level. 

In conclusion, the authors thank H. A. Dobrotin andl, G. Birger 
for their assistance and advice, and E, 5. Levit for helping 
to carry out measurements.. There are 4 figures, 3 tables, and 
7 veferences, 6 of which are Soviet. 
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A STUDY OF THE CORES OF INDIVIDUAL AIR SHOW=it 
N.N. Goryunov, A,D. Erlykin, A.B. Kamnev, G.T. Zatsepin 


1. An apparatus has been devised consisting of 128 cubic jonization 
chambers arranged in two layers 2m by 2m, one above the other. The 
_. upper chambers are. shielded by 2.5 cm thick lead. The lower layer of 


A-RDP86-00513R001963920007-4 


jonization chambers is shielded by a combination filter consisting-of 7.5--.. 0... 


em lead on top, a 70 cm thick layer of graphite and a 2.5 cm thick layer 


of lead directly above the chambers. 
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‘THE ENERGY SPECTRUM OF NUCLEAR-ACTIVE PARTICLES OF COSMIC RAYS AT 3860 . 
METERS ALTITUDE, AND ASSOCIATED EXTENSIVE AIR SHOWERS 
8.I. Dovzhenko, G.T. Zatsepin, YE.A. Murzina, S.I. Nikolsky, V.I. Yakovlev 


1. The energy spectrum of nuclear-active particles has been investigated by 
- means of cylindrical ‘ionization chambers of totel area I m2 placed under lead 
layers gf 20, 50, and 80 cm, and also by means cf flat ionization chambers of 
are 2 m© placed in a ‘lead block with an 8 cm thick top cover surmounted by 

‘a layer of graphite of varying thickness (25 - 65 cm.) To register the 
extensive air showers the first series of measurements was made by hedoscope 
“counters, and the second, by ionization chambers. 
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THE ROLE OF FLUCTUATIONS IN THES DEVSLOPHENT OF AIR SHOWERS 
G.T, Zatsepin ee Pea 
gea level with the total number of - 
. show that there are veTy great fluctuations jn their 
characteristics (the energy of different components, core structure, etc.) 
2. ‘The pragarice of fluctuations in shower davelopmerit leads to ambiguous 


‘relationships between the energy of the priinaty particle an 
particles in the shower at & given level. Due to the ‘arg value of the exponent 


of the primary enerey spectrum ( > 1.7), fluctuations lead to a reduction 
in the mean energy of the primary. 4ple for showers with the 
given number of particles (N). 

3, Large fluctuations in shower characteristics and the low energy of the 

- Slectron-photon, component of the shower cores agree with an earlier conslusion 


- that g tho greater part of nuclear. collisions nucleons of enerey right up 
to 1 - 10 rtion of their. energy. 


4, When analysing &** nt of fluctuations in the developenent 


of showers yields e “Slightly larger coefficient of inelasticity (Ki, 2/2) 
than that obtained earlier when fluctuations in showsTr davalopment were ignored 
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CAL SULATION OF GeNTAIN CHARACTERISTICS uF AIM SHOUAKS BE THA LONTa CARLO HETHOD 
L, Yedenko and U,T, Zatsepin . ie 


1... A calculation 4s made of the probability of observing a shower with an 
arbitrarily given gymber of particle at sea evel and a fixed enerzy of the 
primary proton? lo"? ev, 10% ev, lo? ev. An elementary model of nuclear co- 
Llisions is used. The coefficient of in elasticity for the nuclions is taken to 
be kK W =1/2; for pi-mesors Ky 71. oe 
2. ‘The distributions obtaine ge arbiguity between the number of 
particles in the gy of the primary proton. 
3. +A comgarsion 18 ns with the experinental 
number of showgrs observed at se . the prirary particles 
with energy 10° o- 2 5. ev than ¢ data 4s loss by a 
factor of 1.5 than that calculated 4gnoring 
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ay -mesons was estimated; it was found to be approx. 
tention was de- 


imparted to 
ults, the main at 


of high-energy showers can be localized in a small region. It was 

- found that this holds also in practice. 

was determined by two independent methods, without any discrepancy. 

The showers recorded. during 4 certain time interval were represen- 

ted as a "point field", whose abscissas and or 

tal number of particles in the shower and the energy 

“eore, respectively. In orde 

the number of particles N and the sorresponding mean energy flux 

_E, the various points were averaged. 

E= 104 relativistic particles. Mo one and. the same intensity of 

shower there corresponds 4 whole range of values E, whereby the 
easing intensity of shower. 
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spread of the points increases with decr 
‘The character of the ionization distribution in the vicinity of the 
- shower core varies. In the majority of cased, the shower has an 
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elementary structure, i.e. the 4onization density has one sharp 
a broadening of the core was observed; thus, 


maximum. In some cases, 
to complex-structure 


out ‘of 39 showers with N 10°, one third belong 
- ghowers. It was found that the jonization-density distribution can 


‘pe expressed (in the majority of cases) by a power law of type 


— p(r)et/r™y up to r‘¥ 1.5 mand various n. The lateral distribution 
£ he energy flux of the nuclearactive component was 


unction of t . . 
constructed. The mean energy flux of the nuclearactive component Xe 


be 4.6°10° rel. particles = 2.3+10'* ev. This was com- 
the electron-photon component: 2.8¢ 


404 rel. particles = 2.8.10! ev. Integrating the. lateral-distri- 
pution function of high-energy nuclearactive particles over @ ra~- 
dius of 2.5 m about the axis, it was found that such a circle con~ 


tains 0.9 particles with an energy >5°10'| ev. (for showers with 


N = 10°). Further, the energy spectra of nuclearactive particles 
in the central regions of showers of various intensity were con- 
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e air showers 


4 3860 m, and related extensiv 
International Conference on Cosmic Radiation. Moscow, 
1959. Trudy. V> 9, Shirokiye Atmosfernyye Livni 4 kas- 


kadnyye protsesBy, 444-151 


TITLE: “Energy 8p 
aes diation 4 


~ SOURCE: 


EXT: Two series of experiments are described, of 1959 and of 
aratus used in 1957 permitted detecting extensive air 


particles only. 


The relation is established i 
d the ionization pursts in : ie 
if the integral energy ~spec— : 
les is expressed by the 


‘petween + cle 
Computations showed that 


_ the chambers. 

- trum of the incident nuclearactive partic 
row £(>B) = age, then the ionization spectrum ig also de- 
Law with the same j.' The experimentally obtained 


power 
scribed by 4 power 
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" ‘Energy spectrum Of ae. 
nuclearactive component is plotted in a fi- 
it.is clear that the integral energy spectrum 


rum of the 
gure. From the figure ; 
 yange of 40° to, 5-10 3 ey., can 


of nuclearactive particles in th 

pe expressed seo, where y= 4.5 + 0-1. The ab- ur 

solute intensity 0 particles with energy p10 

ev. 18 569 + 0.6 nour” sterad” . BY ptained intensi- 

ty with the spectrum diation and the number of 

low-energy nuclearactive particles at sea level, 

absorption Length for nuc-. rticles. in order to detect 

the air ghowers accompanying the nuclearactive partic 

@rical ionization chambers we The obtained in 

spectrum ig shown in @ figure. It was found that the percentage of 

nuclearactive particles: accompanied by air showers, increases nono— 
tive particles, varying 


- tonically with the energy of the nuclearac 
petween 76 and 68% fo 12 45 2.5+10'° ev. The inter 


r energies of 2+10 
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jonization chamber. 
found that the integral energy spectr 


um of nuclearactive particles 


d in the, form F(DE)“E", where ™ = 0.9 + 0.2. This 
formula apparently characterizes the spectrum of the nuclearactive We : 
component a8 spectra cf nuclearactive 
oomponen f different total number of particles is 
determined, as well a é m the shower axis. 
The procedure ( fhe air showers 
‘under investigation were divided into 3 groups (according to total 

A pecul at disten- 

ive particles with ‘en- 


number of particles). 
ces of O toi m was the absence fe) 
f nuclearactive par~ 
in a figure. The spec- 
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- enerey spectrum F(DEWE*? + O+1 gor 2.510! ¢E C0" ev. The de- 
pendence. of the number of nuclearactive particles on the total nun- 
“per of particles can be expressed a8 n’*? for the range N10» With 
Na0?, the dependence of the number of nuclearactive particles on N 
changes its character. The .com er character of the 
energy spectrum of nuclearactive particles with H>10° is in quali- 
tative agreement with the results obtained from another series of 
experiments; it is also oné more proof of the possible change in 
_ the character of elementary nuclear interaction with primary-par- 
ticle energies 3°10 ev. There are 6 figures, 2 tables and 14 re- 
ferences: 12 Sgviet-bloc and 2 non-Soviet-bloc. The reference to the 
English-language publication reads as follows: M Kaplon, d- Klose, 
D. Ritson, W. Walker. Phys. Reves 91, 1573, 1955. 
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fraction preserved in collisions of high-energy nucleons than would 
= follow from the consideration of average quantities. Let the func- 
tion Gly,2,x)dz denote the probability distribution that, at pri-~ 
mary~particle energies y = lnE,, the number of particres at depth x 


corresponds to the interval (2, Z+azZ), where z = 1lnN. Comparing the 
number of showers C4» computed from average values, with the number 


of showers C when fluctuations are taken into account, it may be 
concluded . that c,, 18 smaller than C, viz. 
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- & fast change in the spectrum exponent for showers with N = 10° to 
40°. is noted. Hence, it is assumed that in the corresponding energy 


range (1019 to 101° ev.), & very sharp change takes place in either 
the primary radiation or the characteristics of nuclear interac- 
tions. Three alternative models of shower development are proposed. 
More conclusions are: 1) Tne development of showers, from protons 


of moderate energies (p¢i0'? ev.) at least, exhibits great fluctua- 
tions, due to the fact t at the secondary cascades (formed by nu- 
cleon collisions) are short, and that the nucleons preserve an ap~ 
preciable energy-fraction in the majority of nuclear collisions. A 
shower can be schematized in the form of a fir-tree witn fluctuat- 
ing number and: size of twigs» 2) The graph representing shower de- 
--yelopment is no longer 4 smooth curve with 4 maximum uniquely de- 
termined by the energy of primary particles. Even the "averaged" 
‘curve is substantially. affected by the level of observation. 3) The 
energy of primary particles Ey which generate the shower with gi- 


ven number of particles N at the level of observation, has no io 
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unique relationship with the shower. 
_ probability -G(Ey Nyx) of the shower with given N, 


by a proton of given energy. 4) Owing to the fast decreasing spec~ 
trum of primary protons, the mean energy of primary particles, re8— , | 
- ponsible for the formation of cascades with given N at the level of 
observation, is lower than the energy of primary particles which 
generate (on the average) the same number of particles. 5) The mean 
energy of individual showers with given N is smaller (at the level 
yould follow from altitude variations of the 
shower considered without taking into account fluctuations. 6) The 
per of showers to that of primary Pte the & is 


Little affected by fluctuations. 7) Nucleone preserve in the ma-. 
ority of collisions) @ considerable fraction of their energy 
1/2), for energies BE, of up to 10 ev. at least. 8) The? - 
nerated 4n nuclear collisions, acquire @ 
-. much smaller energy than the nucleon energy. 9) The experimental 
4 with the assumption that the ]/7—mesons un- 
There are 
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2 figures and 9 references: 8 Soviet-bloc and 1 non-Soviet-bloc. The 
reference to the English-language publication reads as follows: G. 
{, Zatsepin. The Oxford Conference on Extensive air showers, Har- 
well, 1956; p. B. ate ea 
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TITLE: Computing some air-shower characteristics with allow- 
' ance for fluctuations 


SOURCE: .. International Conference on Cosmic Radiation. Moscow, 
aaa 1959. Trudy. v. 2. Shirokiye atmosfernyy livni i kas~ 
kadnyye protsessy, 222-229 


‘TEXT: The probabilities of the generation of showers of a given 


-. number of particles by primary protons, at sea level, are calcula- 
ted by the Monte Carlo method. The assumptions are stated under 
which the calculations were carried out. The fixed number of colli- 
sions m between nucleons end atoms of air was considered, having a 
Poisson distribution with mean m = 12.5. The integral distribution 
function of the logarithm of number of particles z = 18, 9N at the 


level of observation, was determined by the formula 
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; where P is the Poisson weight for the case of m collisions, yf is 

the distribution function of 2 for m collisions, Y=1g,9(B,/10 ove), 
Ey being the energy of the ham ka Aap ear of eet tae | 

 gampled.in'3 cases for proton energies of 10°*, 10." and 10” ev. 
equals 763, 685 and 719 showers respectively. The results of the 


computations are shown ina figure. As an approximating function, 
. the polynomial of fourth degree a 
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AUTHORS 
“RIME: | 
" BERICDICAL: 
TEXT; | 
tion-of meso 


_ of productio 
oases of - 


oe, hie 


Alekseyev, I.8., zatsepin, G,T. 
; x * ei . % ; bs : - “s - - . 
High-energy ft ~mesons . 
Referativnyy zhurnal, Fizika, no, 10, 1961, 98, abstract 10B517 
("tr, Mezhdunar,. konferentsii po, kosmich, lucham, .1959, v,.1", Mos- : 


Ps 


cow, .AN SSSR, 1960, 32% - 329), : 


The energy spectrum of fA -mesons is determined by solving the equa- : 
nm diffusion in ground, problem is investigated on the mechanism aaa - 
n of high-energy. ( fol ey). /Y~-mesons, To determine the energy , : 
-mesons, the, following processes are, considered; ionization, bremss ~~ 


“ strahlung, generation. of electron pairs, production of penetrating showers ag a’ 
“regult of interaction, of the meson electro-magnetic field with nucleons, Inte. 
. grated. spactrum of fA ~mesons iis .calculated at various assumptions as to the ef- 
factive cross section of photoproduction of penetrating showers, Possibilities 
_of studying production provesses of high-energy fe-mesons :are briefly discussed, 


[Abatracter' s notes: Complete translation] _ Porean 
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~~ AUTHORS: - \Wabsepin, G..T», Hikol'skiy, S. Ie, . 80¥/56-37-1-31 /64 
mo, ~ ge Pomanskiy, are 2 ANS _ 
TITLE: : a Decay. Processes in the Development of. Nuclear Cascades in the 


Atmosphere. (Raspadnyye protsessy pri razvitii yadernykh kaskadov 
v atmosfere) Sap e nk ae ee 


"PERIODICAL: “ghurnal ekeperimontal'noy 4 teoreticheakoy fiziki, 1959, Yol 37, 
oe (7), pp 197 - 201 (USSR) ne ee 


ABSTRACT: . As.the energy of the primary particle ia not directly measured 
“, _.. | 4n experiménts on atmospheric showers, the davelopment of ava- 
lanches must also be considered by giving the dnitial conditions 
in-the-depth of the atmospheres The usual method of successive 
generation# is not suitable for the solution of such problems. 
‘Nucleons and -pions are::assumed to participate in the nuclear 
cascade process. The effective cross section of nuclear colli- 
gions is aysumed to be equally large for nucleons and pions. 
The initial conditions are’ assumed to be given in the depth x: 


1 (B,21,)aB and TW(E,x, aE, respectively, are assumed to denote the 


aaa 1/4 : number of mnoraons and st-nesons, respectively, with: an energy 


APPROVED FOR RELEASE: 03/15/2001 CIA-RDP86-00513R001963920007-4" 


"APPROVED FOR RELEASE: eae JERE SO: ee ee : 


7 CRUEL A Sarna. ge He PATE ee the 


feoay, Processes in. the. Development. of Huclear are 80V/56-37-1~31/64 
Cascades: in the Atmosphere 


ae down in ‘the: form ae =o-N(E, x) + 


. of By B+ al in the depth. x6 The ae aadaktona’ are written 


[w(e' ,x)a,, (E55) + 

e 7 E a 3 
+ WE';x)¥ (83) a2, als) = ils x) (145%) + Piet aye 
- (BNE) + “IE! x), (E's B)] aE!” fey Wan? Magy? Wyq denote the 


energy spectra of the particles corresponding to fs second in- 
‘dex which oviginate in the nuclear collision of a particle i 
the energy J! (which is: foereoatee by the first index). E. 


= Moa o/s, 9(% ) = 164. 10! Tov, denotes the critical energy. of the 


eas as ‘at which the- probabilities of nuclear collision and 
- of decay in the depth x=1 are equal to each other; g(z, ) denotes 


the density: of air in g/em in the depth zo. The | solution -is— 
written in the form of series N(E,x) = | en (X"X0) F my Hi(E,x), 


Me,z) = ae a T. (21%). The series oeahiae by substi-~ — 
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tuting these series into the above-mentioned kinetic equations 
are represented step by step. In the special case x = Q, the 


solutions pasa over into the known solution of the method of 
successive approximations, In the present solution, all terms 
of the series are positive, and the series ie always convergent 
if the total energy of particlee at Xo is finite. The. solution 
“is, however, more extensive than in- the case x," QO. In gome- 
cases important for the interpretation of the experimental data, 
the role of the decay process can be considered in a much sim- 
pler way. The authors estimate which, portion of the energy of 
the nuclear-active component (whichis present in the showers 
at the altitude of the. Pamir station) 4e conaumed for the forma- 


: tion of muons.and neutrinos in the further passage through the 
_ atmosphere. According to these calculations, at an energy spec- 


trum of the type p72an of the nuclear-active component of show- ee 
‘ers at the altitude of the Pamir, about 50% of its energy must ee 
be used up for the generation of muons and néutrinos, thus, ny 
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- being missing for the development of cascades. Thia conclusion 

--ia almost-independent of the mechanism of -the ‘alementary process - 
of nuclear collisions. There are 1 table and 6 references, 5 of 
which are Soviet. 


“ASSOCIATION:  Fizdcheakiy inatitut im: P. Ne Lebedara: ‘Akademii ‘nauk SSSR 
: (Institute of Physica imeni P. N. Lebedev of the Academy of 
: Sciences, SSR) 


SUBMITTED: February 7, 1959 
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>, AC . oy d 
AUTHORS s Gerasimova, N- Me. Zntpopin,G.—T——. 
PITLES : Disintegration of Cosmic Ray Nuclei by Solar Photons 


PERIODICAL: ghurnal eksperimental'noy 1 teoretichenkoy fiziki, 1960, 


TEXT: ‘The solar photons are able, thanks to the Doppler effect, to ie 
attain an energy which is sufficient for the spallation of cosmic ray ee 
nuclei, provided the latters!' energy is high enough. If such a nucleus 


_ has the mass M, its energy ig B=’ Me”, ‘and the energy of the photon, 
. which equals fg in the solar system, in the reat system of this nucleus 


is wt agket: ° 1 cos a)~2) - 09 (0/2), where a is the angle between the 


trajoctories of nucleus and photon in the solar aystem (of, Fig. 1). The \N. 
“energy of & solar photon is about 1 ev, and tho onergy necessary for 


photo disintegration of a nucleus ic of the order of 40! ev, so that the 


, nucleus is bound to have an energy of E +10” ev per nucleon (which 
card 1/3 
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Disintegration of Gosmic Ray Nuclei by Solar 3/056/60/038/004/627/048 
Photons ee, aoe _ . - 8006/8056 7 
corresponds to a 10!), The fragmonta formed in guch a disintegration 
depend upon the nature of the reaction, but they incide practically 
pimultaneously into the terrestrial atmosphere and cause corrolated 
extennive air shovers$ the distance between tho shower cores may a 
approximately attain the order of magnitude of 1 ka. The authors at first 
consider the number of. photo disintegrations, and assume the solar energy 

spectrum to be a blackbody, spectrum, and the energy spectrum of the 
ae various nuclei to be equal. These considerations lead to the result that 
~~ the number- of, photo-digintegrations to be expected is of the order of 


4074 hour”) km? atorndian’ | ‘and is only slightly dependent on the ae 
atomic weight of the nucleus. In the following, the energy distribution = / 


of the spallated nuglei is briefly. disoussed,. The reapective nunerical 
the observation 


data sre given in Table 5, In the last part of the paper 
probability of such correlated showers is estimated as a function of the 
distance between the shower coren. The probability distribution fia shown 
in Pig. 3. L. Kh. Eydus et al. (Mef. 14) are mentioned. There are 
. 3 figures, 2 tables, and 74 references: 6 Soviet, 7 Uss and 1 British. 
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‘ ASSOCIATION: Fizicheskiy institut im. P. N. Lebedeva Akademii nauk SSSR 
(Institute of Physics imeni P. N. Lebedev, of the Academy of 
Beiences, USSR) 


SUBMITTED: August 16, 1959 (initially) and October 50, 1959 (after 
:! ; revision) 
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AUTHORS: Goryunov, He Ney Zatsepin, G. T. Ux : i 
PITLE: = Observation of p-Meson Burste in a syatem of Ionization fey 

. Chambers. — mecca || 


PERIODICAL: . Zhurnal eksperimental 'noy 4 teoreticheskoy fiziki, 1960, 
"WoL. 39) No. 2(8)) PP 271 - 275 


TEXT; The device by means of which the investigations described here 
were carried out, consisted of two layers of cubic ionization chambers 
(of. Fig. 1). The chambers were close together and covered a square areée. 


of 4 m®. Each layer consisted of 64 chambers. Besides ‘this device, 4 

large number of Geiger-Miuller counters, arranged in groups at different 
distances from the chamber system, were used for recording muon bursts. 
Fig. 2 shows examples of jonization distributions in the layer of ioni- 
gation chambers during the recording of 4nclined muon showers. The re- 


sults obtained were evaiuated from the following viewpoints: 1) Loniza- 
tion is concentrated only in one of the rows of chambers, and its total 
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5 


ore than 1,000 relativistic par~ 
hambers in a straight lina, in 


“amount corresponds to the passage of m 
ticles. 2) There must be at least four ¢ 
which fonizations should not differ by more than one and a half times 


their amount. The number of events selected in this manner amounted to 
0.25 + 0.03 per hour in each row of chambers. A total of 190 events wore 
recorded in both rows. Fig. 3 shows the integral shower spectra (1- 
according to the number of relativistio particles in the shower, 2 - 
according to the total jonization). For constructing the curves, the 
data obtained in 370 hours of operation of the device were used, as- 
guming that the total nunber of muon showers of & given number of par~ Ly” 
ticles pasaing through the device exceeded the number measured in the i 
selected angular interval by more than twenty times ita amount. For the 


pursts due to high-energy muons (s210''ev) 4nciding upon the horizontal 
line at equal angles (4 45°) it holds that the number of showers de~ 


creases with the number of particles n as 1/n2 or even more steeply. 

The experiments showed that by. means of the system of ionization chanm- 
bers used by the authors; it is possible to measure not only the number 
of particles of showers produced by muons, but also to investigate the 
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AUTHORS: § Zatsepin, G. T., Kus'min, V. Av cS 
TITLE: .. Angular Distributions of High-energy Muons in the i 


Atmosphere and Their Production Mechanism 


: PERIODICAL! ghurnad okay er imental ‘noy i teoreticheskoy fiziki, 1960, 
eo “Vol. 39,° No.6 (12), p pp. 1677 - 1685 ~ 


TEXT: In connection with recent Aivowslon (Refs.i-4) on the con- 
tribution of K-mesons to pion production in the atmosphere, a theoretical 
study has been made of high-energy muon distribution with respect to the 
two production modes %+v and Kp+v. Theoretical studies on pion decay 
have been published already earlier; the authors, however, set themselves 
_ the task of making a more exact investigation with special regard to decay 
processes and energy losses. The problem consisted in solving the kinetic 
equations for: 1) the parent particles % or K, the decay of which is 
accompanied by muon production, and 2) the muons. The first part is devoted 
_to:the first problem. This problem is considered to be three-dimensional, 
i.e., the indtiad nucleon, the pion or K-meson spreduses y it, and the 
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Angular Distributions of High-energy Muons in s/056/60/039/006/034/063 
the Atmosphere and Their Production Mechanisn B006/B063 


' ‘muon produced by the latter travel along a common straight line.,The path 
length x is measured in nucleon mean free paths Ay A = 75 g/cm ), and 


its origin is ot the point where the initial nucleon enters the 
atmosphere, The production spectrum is assumed to be exponential, i.e., 
the production intensity for an Y-meson (* or K) is assumed to be given by 


Dg G41) 9, and the depth dependence is an exponential function of 


the absorption coefficient 1 which is independent of energy, depth, and 
angle of inolination of the trajectory. In addition, the mean free path 
of the /)~-particles is supposed to be equal to the nucleon mean free path, 
and that regeneration of the y-particles may be neglected. One obtains the 
kinetic equation apd) (x,B)/ax . - [14B, (0)/xB 209 (xyB)41 De Oe, 
and its solution, ive., the expression for the flux of y-mesons of 
energy E at a depth x reads 7 


PD (x45) ° eo" > e #1) (B); #()(a)ar Dabs" W*") [148 (0)/36]*, 
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Angular Distributions of High-energy Muone in 3/056/60/039/C06/034/063 
the Atmosphere and Their Production Mechanism B006/B063 
where a = 1-0-5 (6) is the critical energy at which the probability of 


“~meson decay on the path. xe1 is equal to the nuclear collision 
probability. The kinetic equation for the muons in the atmosphere reads 


2 Ti ya mera... on . 
wv oe . ot. - ge OTE p\¥)(x,8,0)+ 2, [perp (x,2,6)] + G(x,E,@), 


where m, voy are the muon mass and lifetime, respectively; P(E) are the 


muon energy losses per unit path. Muon decay, energy losses, and 
generation are taken into account by the first, second, and third term, 


respectively. Considering that pV) (9,6,0)=0, 4ts solution reads 


pM) (x,8,0)mexp{-v(x4E,8)#02,3}5 (t,e(B)x-t) Jexp{v(tyB,6)-c%,t}at, where 
fe) 


7 v(x,B,0) = (aedy/egy)§ at/e (+46) €(B,x-t) and e(B,x-t) “ Boxp(cX, (x-t)) 


ota - 23 —— 
+ (B,/e)exp( ea, (x-t))-1f- The energy of the muon x, is a constant which 
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may be.set equal to 1, Finally, the muon source function G(x,¢) is 
studied, and the angular distributions for muons with an energy of 


10'! - 10'4 ev are numerically caloulated and graphicall represented in 
_ Fig.1. It has been shown that in the energy range of 101!~ 5-10! ev, the 
muon angular distribution is essentially dependent on the production 
; mechanism. P, P, Alekseyev and I. S. Alekseyev are mentioned. There are 
'..2 figures, 3 tables, and 11 references: 8 Soviet, 1 US, and 1 Italian. 


_ ASSOCIATION: Fizichoskly institut 4m. P. N. Lobedeva Akademii nauk SSSR 
wo 3 (Institute of Physica imeni P, N. Lebedev, Academy of 
‘Sciences USSR) — “<> 


‘SUBMITTED: June 10, 1960 
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4—E cate, §— Eas 210 eV, 6—E = 5408 eV, 7—~ E ae 1-10 eV, fe E ws 
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ORS: | 


Berezinskiy, V. Sey Zateepin, G. T. 


AUT 


~ PITLE:  “gome Energy Relations Deduced ‘by Taking Into Account 
; Non-conservation of Parity in the p-e Decay 


PERIODICAL: . zhurnal ekaperimentai ‘noy-4- teoreticheskoy fiziki, 1960, 
ae Vol.. 39, No. 6(12), pp. 1847-1849 


TEXT: The energy transferred to the electron component in the decay of 
partly or completely polarized muons has been caloulated. The energy of. 
a decay electron in the laboratory system is given by E, = ME, 


+ Bp, ,cos One)? where } is the Lorentz factor of the muon} p is its 


™ 


velocity; BE, and Pog are the energy and momentum of the electron in the 


ec : 
rest system of the muon} Q a is the angle between the momentum of the 


electron in the muon rest system-and the direotion of motion of the muon 
in the laboratory system; c is set equal to 1. With Pee 0.05 May one 
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y Taking Into 8/056 60/039/006/058/063 
Account Non-conservation of Parity in the  BO06/B063 

M~e Decay pty eS , . 


obtains Beg = (7/20)my for the mean electron energy in the muon rest 
os system, and K° E,/mp = 7/20 for the n 


ean muon energy, 
away by the electron. For completely 'polari 


lee ‘ ted. muons, Ke Flt “(Eo 
* PP, 0088,,, )/m, ® O-55(1e =B), The plus sign holds for a UM” megon 
Polarized in the direction of notion. The sign changes on transition to 
& Wh” meson or-in the case of opposite polarization, If the Pion-decay 
neutrino (antineutrino) travels in opposite direction to the muon, the 
relation Koy = 0035(1 


78) holde for the a « M- @ decay, irrespective 
of the pion charge; ‘if it travels in the same di 

= 0535(1 4 45), and if g 
obtaing K, “= 0.35, and 


and 0.4, In addition, 


the energy fraction imparted to the electron 
component during the decay of m” mesong in 


Kauc » Carried 


= 41, then Ko, = 0.40, 
for partly polarize 
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a Deouy 


o, 
% 


. ~ p,, - 6,,), and with Hyg. 0+35ty and Peg 7 0:05 my, one obtains 


a Bt, © 0615 + 062, ni /n? = 0.2646. Tho regult is not affected by 


: transition from the pion ae system to the laboratory system. For the 
decay one obtains K 4 = 0.159. 
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TEXT: Sergey Nikolayevich Vernov celebrated his 50th birthday on 

. July 10, 1960. The beginning of his scientific activity coincided with 

- the beginning of an intensive research on cosmic rays (1931-1932). By 
his first studies he built the foundation for the present-day mathoda 
of investigating cosmic rays inside and outside of the stratosphere by 
means of radio signals emitted by automatic devices. From the start, 
Vernov worked in close contact with Academician D. V. Skobel'tsyn. In 
1939, he completed a geries of studies on cosmic rays in the strato- 
sphere, measured at various latitudes. Stratospheric measurements made 
by Vernov from 1946 to 1949 yielded partioularly detailed information 
on the nature of primary radiation. Basing on rules found by experiments 
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to govern the absorption of the primary components in the atmosphere, 
Vernov reached an important conclusion concerning a strong interaction 
of the primary particles of cosmic radiation with matter. In 1949, 

_, S- N. Vernov headed an expedition of Soviet physioista to the equatorial 
latitudes in the Indien Ocean. Stratospheric investigations made in the 
course of that expedition yielded convincing evidence of the existence 
of the disputed, so-called east-west asymmetry and of the positive 
charge of particles of cosmic radiation. For his research of cosmic ra- 
diation in the stratosphere, Vernov was distinguished with the Stalin 
Prize of 1st Class in 1949. From 1947 to 1949, Vernov organized compre- 
hensive studies of the interaction of high-energy protons with matter in 
‘the stratosphere. Collisions of protons with atomic nuclei were found to 
give rise to an electron-photon component of coamic radiation. This al- 
lowed the assumption that rapidly decaying mesons giving rise to the 
formation of photons and electrons are produced in the course of such 
'processea. This hypothesis was confirmed by the discovery of n°~mesona. 
In 1949 and 1951, Vernov and collaborators: obtained experimental data 
confirming the presence of nuclear cascade processes in 1019-ev primary 
cosmic particles. Vernov supervised comprehensive research work on the 
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